Purpose: Pellucid marginal degeneration (PMD) is a rare disease that is often mistaken for keratoconus but can similarly be treated with corneal collagen crosslinking (CXL). We report a case followed though 6 years of progressive irregular corneal flattening and thinning in both eyes (OU) after eccentric CXL for PMD. Observation: A 46-year-old man with bilateral PMD and corrected distance visual acuity (CDVA) of 20/20 (−2.00x80) in the right eye (OD) and 20/30 (+3.50-5.25x105) in the left eye (OS) underwent conventional 9 mm eccentric CXL in OU and intrastromal corneal ring implantation in the OS. An uneventful first year postoperative follow-up showed stabilization of the ectasia. In subsequent years, progressive inferior flattening was observed with decreased CDVA, corneal thinning and worsening of the haze. At the last follow-up, his CDVA was 20/40 (+5.00-2.00x55) OD and 20/60 (+6.00-1.50x80) OS. Conclusion and Importance: The current report highlights the notion that mid-and long-term evaluations of customized crosslinking techniques may reveal progressive flattening and corneal irregularity.
Introduction
Pellucid marginal degeneration (PMD) is a rare, bilateral, asymmetric, ectatic disorder of the cornea that is characterized by an arcuate band of thinning in the inferior peripheral cornea with maximal protrusion superior to the thinned area. 1 Differentiation between PMD and keratoconus is sometimes difficult because of their similar clinical and topographic presentations. 1, 2 Topography shows a flat vertical meridian with inferior peripheral steepening with a classical "crab-claw" shape; however, a similar shape can also be seen in keratoconus. 3, 4 Corneal topography, pachymetry mapping, elevation mapping, and, most importantly, slit-lamp examination are recommended for diagnosis and differentiation from keratoconus. [5] [6] [7] [8] Treatment of this condition includes spectacles, contact lens, intrastromal corneal ring segments (ICRS), excimer laser and corneal transplantation. 7, 9 In addition, PMD tends to evolve even in older patients, and corneal collagen crosslinking (CXL) has therefore been used to stabilize it, similar to keratoconus. Despite good initial results, due to its rarity, only a few reports have evaluated the use of CXL in PMD [9] [10] [11] ; hence, the safety, efficacy and complications of this treatment are not fully understood. We report a case of progressive irregular flattening and thinning in both eyes (OU) after CXL in a patient with PMD.
Case report
A 46-year-old man presented with progressive decreased visual acuity and an increase in his astigmatic prescription. Corrected distance visual acuity (CDVA) was 20/20 (−2.00x80) in the right eye (OD) and 20/30 (+3.50-5.25x105) in the left eye (OS). In a slit-lamp examination, he presented an evident band of inferior thinning with adjacent superior protrusion, and the rest of his examination was unremarkable. His topography (E300 Corneal Topographer, Medmont International PTY LTD, Australia) showed classical PMD findings (Fig. 1) .
Since he was intolerant to contact lenses and wanted to improve his CDVA in the OS, CXL was proposed in the OU and ICRS in the OS.
The procedure began with the implantation of the ICRS under topical anesthesia. The implantation axis was marked under a slip-lamp with the patient in the supine position, and ultrasonic pachymetry was used intraoperatively. A micrometer diamond keratome was used to perform an 80% depth incision, and a 5 mm, 160-degree ICRS with a thickness of 200 μm (Keraring, Mediphacos, Belo Horizonte, Brazil) was implanted at 115°.
Subsequently, conventional CXL was performed with mechanical epithelium removal. Iso-osmolar Riboflavin (0.1%) with 20% dextran was applied every two minutes for 30 minutes, and then ultraviolet-A at 365 nm was applied continually for 30 minutes at 3 mW/cm 2 Linker, CSO, Italy). A 9-mm UVA spot was used and decentered inferiorly to reach the peripheral area of the thinning but without crossing the limbus. The procedure occurred uneventful. A bandage soft contact lens was placed for one week. Postoperative medication included moxifloxacin (0.5%, Vigamox, Alcon, São Paulo, Brazil) four times daily for one week and prednisolone (1%, Pred Fort, Allergan, Sao Paulo, Brazil) four times daily for one month. At 6 months after the procedure, the patient was satisfied, PMD was stabilized, and CDVA was 20/20 (−1.00x80) OD and 20/30 (+3.00-3.500x85) OS. A slit lamp examination revealed faint intrastromal haze in the OU.
After 1 year, the patient returned and complained of progressive decreased visual acuity. CDVA was 20/30 (−1.00x70) OD and 20/40 (+1.50-2.00x30) OS, and haze was graded as 1+ OU (Fig. 2) .
After 3 years, CDVA decreased to 20/40 (+0.25-1.00x70) OD and 20/60 (+2.50-2.50x30) OS, and visible thinning and flattening was observed in the inferior cornea.
At 5 years after the procedure, CDVA was stable, but the cornea showed progressive flattening (Fig. 1) -induced hyperopia OU (+2.25-1.50x60 OD and +4.25-2.50x60 OS).
His last visit was at 6 years after the procedure, when he showed stable CDVA but worsening hyperopia (+5.00-2.00x55 OD and +6.00-1.50x80 OS) with flattening and thinning (Fig. 1) . He fitted rigid contact lenses in OU ((ROSE K2 Irregular Cornea IC; Menicon Co. Ltd., Nagoya, Japan), achieving a CDVA of 20/25 in OD and 20/50 in OS. Table 1 summarizes the evolution of both eyes over the years.
Discussion
We report a well-documented case of irregular progressive corneal flattening and visual loss with haze formation after eccentric conventional CXL for PMD with long-term follow-up. Corneal flattening is common after CXL for keratoconus, with a mean flattening of 1.6 D observed after one year and up to 3 D observed after 5 years [12] [13] [14] ; however, only a few cases of excessive flattening after CXL have been reported. Kymionis et al. 15 was the first to report it in one eye of a keratoconus patient who underwent CXL in OU according to the Dresden protocol and had a 5-year follow-up with documented haze on AS-OCT. Koller et al. 14 observed flattening in 38% of 151 keratoconus eyes after one year of follow-up, with a maximum flattening of 7.2D observed in one case; furthermore, these authors found that a kmax of 54 D or higher was a risk factor for excessive flattening. 14 Santhiago et al. 16 also reported two cases of progressive flattening after conventional CXL, both with a kmax of 64 D. In our case, the patient had a kmax of 44.3 D OD and 47.4 D OS. More recently, a long-term study of 433 progressive keratoconus eyes treated with classical CXL protocol revealed 3 cases of progressive flattening that were not associated with intense haze or loss of CDVA. 17 Theoretically, the stiffening associated with CXL reduces central cornea strain and shifts the focus of maximum strain toward the limbus, enabling central cornea flattening and hyperopic optical shift. 18 In our case, an eccentric CXL was performed, and this may have been the cause of unbalanced forces and excessive flattening. The resultant hyperopic shift and decrease of 3 lines of CDVA may be explained by significant excessive inferior flattening and corneal irregularities (I-S asymmetry shifted from inferior steepening to superior steepening) associated with central stromal haze, leading to high order aberration. This can be addressed with rigid contact lens which compensates the corneal irregularities, improving CDVA, as did in this reported case. Despite this unfortunate case, eccentric CXL has been successfully used in PMD. Bayraktar et al. 10 reported 4 eyes with PMD in which conventional eccentric CXL was performed and achieved good stability after 12 months. Bashir et al. 11 described 15 patients with PMD who underwent CXL with good results over a short follow-up period (6 months); however, without topographic documentation and incomplete CXL technique information.
Conclusion
The current report highlights the importance of mid-and long-term evaluation of customized crosslinking techniques and stresses the risks associated with long-term corneal remodeling, which can lead to progressive flattening and corneal irregularity.
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